8 9 1 0 8 increase in concentrations of SEO applied. However, many vegetative parameters such as plant height, number 3 9 of pinnules, number of roots, leaf area and stem circumference increased significantly (P < 0.05) but some 4 0 reproductive parameters such as number of inflorescence and dry weight of seeds decreased after pollution. 4 1 Hence, S. alata is suitable for phytoremediation and in particular, phytoaccumulation of heavy metals in SEO 4 2 contaminated soil. 4 3 4 4
days after planting (DAPL). Pollution was repeated with 150 ml (0.75% v/w) and 750 ml (3.75% v/w) of spent 9 9 engine oil separately, instead of 30 ml. Both vegetated and non-vegetated bags were polluted in the same manner 1 0 0 on the same day. Control had no spent engine oil pollution. The experiment was carried out in three replicates 1 0 1 and arranged in a completely randomized design. The bags were displayed under the sunlight and watered by 1 0 2 rainfall. 1 0 3
Heavy metal analysis 1 0 4
A sample of SEO, all polluted and unpolluted vegetated and non-vegetated soil samples, leaves, stems and roots 1 0 5 of S. alata were analyzed for accumulation of heavy metals using flame atomic absorption spectroscopy (FAAS), 1 0 6 106 days after pollution (DAP). Samples were dried at 45 o C using Memmert 854 Schwabach oven and crushed 1 0 7 into fine powder. One gram was heated for 8 hours in a furnace and cooled in a desiccator. Five ml of 1 0 8 trioxonitrate (v) acid (HNO 3 ) solution was added to the ash, evaporated to dryness on a hot plate, returned to the 1 0 9 furnace and heated at 400˚C for 15-20 minutes until perfect greyish-white ash was obtained and allowed to cool 1 1 0 in a desiccator. Fifteen ml of hydrochloric acid (HCl) was added to the ash to dissolve it. The solution was 1 1 1 filtered into 100 cm 3 volumetric flask and made up to 100 cm 3 with distilled water(17). SEO sample was also 1 1 2 prepared by digestion method. This was done by putting 2 g into a digestion flask, followed by addition of 20 ml 1 1 3 of acid mixture (650 ml conc. HNO 3 , 80 ml perchloric acid and 20 ml sulfuric acid) and heating until a clear 1 1 4 solution was obtained. Hexane was added to the flask up to the mark of 25 ml(18). Flame atomic absorption 1 1 5 spectroscopic (FAAS) analysis was carried out according to the method adopted by(17). A series of standard 1 1 6 metal solutions in the optimum concentration range were prepared by diluting the single stock element solution 1 1 7 with water containing 1.5 ml conc. HNO 3 /liter. A calibration blank was also prepared using all the reagents 1 1 8 except for the metal stock solution. The sample was aspirated into the flame using Varian AA240 Atomic 1 1 9
Absorption Spectrophotometer (AAS) and atomized when the AAS's light beam is directed through the flame 1 2 0 into the monochromator. The atomized sample was directed onto a detector that measured the amount of light 1 2 1 absorbed by the atomized element in the flame. Calibration curve for each metal was prepared by plotting the 1 2 2 absorbance of standard versus their concentration using Spectra AA scan (PC/Window 7) software. 1 2 3 6 6 1 2 4
Determination of vegetative and reproductive parameters of Senna alata
The vegetative parameters of the plant namely, plant height, number of leaves per plant, number of pinnules per 1 2 6 leaf, leaf area according to (19) and stem circumference were determined before pollution, that is, at 56 DAPL. 1 2 7
After pollution, the same vegetative parameters in addition to the number of roots, root length and root 1 2 8 circumference were measured at 163 DAPL. As regards the reproductive parameters, number of inflorescences 1 2 9 per plant, flowers, pods, seeds and dry weight of seeds were determined at maturity (at 294 DAPL). 1 3 0 Difference. T-test was used to compare vegetative parameters before and after pollution. 1 3 4 Heavy metals namely, copper (Cu), lead (Pb), iron (Fe), zinc (Zn) and aluminium (Al) were detected in SEO and 1 3 7 in all polluted vegetated and non-vegetated soil samples (Table 1) The concentration of copper stored in stem was significantly (P < 0.05) higher when compared with those stored in 1 7 7 leaves and roots of the plant especially for 0.75 and 3.75 % v/w concentrations. The quantities of copper that 1 7 8 accumulated in root and leaf in 0.15% v/w treatment did not vary with control. Zinc and aluminium accumulation in 1 7 9 roots were significantly (P < 0.05) higher than those in leaves and stems for all concentrations. Also, concentration of 1 8 0 iron and lead in leaves were significantly (P < 0.05) higher than those that accumulated in stems and roots for all 1 8 1 concentration 1 8 2 (Table 3) were not statistically different between the treatments before pollution and also 1 8 4 after pollution (separately). 1 8 5 1 1 However, in comparison, these vegetative parameters determined before pollution were significantly (P < 0.05) 1 9 6 lower than vegetative parameters measured after pollution within the treatments. The only exception was the 1 9 7 number of leaves produced in 3.75% v/w treated plants whose value did not differ before and after pollution. 1 9 8
Data analysis

Results and discussion
As regards the root parameters, results showed that 3.75% v/w treatment significantly (P < 0.05) produced the 1 9 9 highest number of roots (Table 4 ). 2 0 0 Values represent mean ± standard error. Means followed by the same letters in the same column are not 2 0 3 significantly different at P ≤ 0.05 2 0 4
For mean root circumference, control and 0.15% v/w were significantly (P < 0.05) thicker than 3.75% v/w 2 0 5 treatment. Senna alata also produced aerial roots. Initial (at 56 DAP) and final (106 DAP) number of aerial roots 2 0 6 increased significantly (P < 0.05) with increase in concentrations of SEO applied. For each treatment, the final 2 0 7 number of aerial roots was significantly (P < 0.05) higher than the initial number. 2 0 8
There were no differences between control and polluted plants as regards the number of flowers, pods and seeds 2 0 9 produced by S. alata (Table 5 ). vegetative parts of S. alata were higher than the concentrations in the vegetated soil. This indicates that the plant 2 3 1 organs might have taken up and accumulated these heavy metals. This disagreed with the findings of (23) who 2 3 2 reported low to zero removal of heavy metals by water hyacinth. Therefore, higher concentrations of these heavy 2 3 3 metals in the vegetative parts of S. alata showed that some plants can hyper accumulate these substances and 2 3 4 consequently, affect other organisms along the food chain through bioaccumulation. However, the quantities of 2 3 5 each of the heavy metals in S. alata in each treatment were below the standard allowable limits for daily dietary 2 3 6 intake and medicinal plants according to toxicology report/world health organization respectively -(Cu -60 2 3 7 mg/day; 10 ppm, Zn -15 mg/day; 50 ppm, Pb -10 ppm, Fe -15 mg/day; 20 ppm and Al -60 mg/day)(24)-(25).
3 8
Even though the concentrations of these heavy metals in some vegetative parts of S. alata were higher than those in 2 3 9 the polluted vegetated soil, yet the SEO with heavy metals did not have adverse effects on the vegetative growth 2 4 0 and development of the plant, since the plants grew and developed well when compared with the control. This 2 4 1 shows that the plant can be used to phytoremediate heavy metals in SEO contaminated soil. This is in contrast to 2 4 2 the report of (7) that heavy metals in plants lead to biomembrane deterioration due to lipid peroxidation; 2 4 3 consequently, leading to poor vegetative growth, death of seeds and plants(1)-(10)-(9). Hence, S. alata may 2 4 4 perhaps possess substances that might have formed complexes with toxic metals (7), which might have protected 2 4 5 the plant from the deleterious effect of heavy metals. Since S. alata accumulated Cu, Pb, Zn, Fe and Al in the 2 4 6 leaves, stems and roots, the plant can be used as a hyper accumulator for phytoremediation of some heavy metals. 2 4 7
In this way, these heavy metals are removed from the environment. In a similar way (26) reported that Cassia tora 2 4 8 accumulated Fe, Zn, Cu and Pb at high concentrations and it could be used as hyper accumulator plant for 2 4 9 bioremediation. Moreover, Cu was higher in the stems than in the other parts of the plant in the present work. Pb, 2 5 0 Zn and Fe were found in larger quantities in the leaves and roots than in the stem while Al was found in large 2 5 1 quantities in the roots. These suggest that different mechanisms of metal accumulation, exclusion and 2 5 2 compartmentalization exist in various plant organs and species (14) 
